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Reef-building or hermatypic corals are limited in their geographi-
cal distribution to the warmer waters of tropical oceans. Significant 
coral growth occurs only in water ranging from 18° C to 33° C, and mas-
sive reefs form only at temperatures toward the upper end of this temp-
erature range (Wells, 1957). 
The coral skeleton is composed almost entirely of calcium carbon-
ate (CaC03) with the crystalline structure of aragonite; calcite is 
completely absent. H. Lowenstam (1954) has suggested that the failure 
of corals to produce any calcite may be the factor influencing the 
smaller number of scleractinian species in cooler water. Organisms 
that can produce both aragonite and calcite tend to produce calcite 
during colder seasons and aragonite during warmer seasons. Thus, by 
their nature of calcification, corals may physiologically limit their 
geographical distribution. 
Physiological study of corals began in the early nineteenth century. 
Towards the latter part of the century, some work with growth rates of 
reef corals was started by Alexander Agassiz (1890). Similar studies 
have since been made by others (Abe, 1940; Boschma, 1936; Edmondson, 
1929; Kawaguti, 1941; Ma, 1937; Mayor, 1924; Motoda, 1940; Stephenson 
and Stephenson, 1933; Tamura and Hada, 1932; and Vaughan, 1919). All 
of these studies involved the technique of allowing the coral to grow 
for long periods, days to years, in its natural environment, with size 
and weight measurements biing taken at periodic intervals; However, 
more recent attempts to estimate growth rates have involved chemical 
I ~ 
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methods of measuring the incorporation of calcium into the skeleton 
under controlled laboratory conditions (Kawaguti and Sakumoto, 1948; 
Gareau, 1959; and Gareau and Gareau, 1959, 1960a, 1960b). The present 
study employed a procedure involving the incorporation of radioactive 
calcium-45 into the coral skeleton to determine the optimum temperature 
for calcium deposition in Montipora verrucosa~ a common Inda-Pacific 
hermatypic scleractinian. In contrast to previous studies, short per-
iods of one-half to six hours were used. These shorter periods were 
used in order to reduce adverse environmental laboratory conditions. 
GENERAL EXPERIMENTAL CONDITIONS 
Living specimens of M. verruaosa~ three to four inches in diameter, 
were collected fresh each day from a patch reef in Kaneohe Bay, Oahu, 
Hawaii, during the Spring of 1970. They were collected in containers 
under water and brought to the laboratory without being exposed to air. 
The experiments were started at the same time each day to minimize any 
possible circadian effects. The coral was placed in a clear plexiglass 
vessel, 611 x 411 x 311 , containing 750 ml of fresh sea water. Air was 
slowly bubbled through the water to help maintain the pH, oxygen ten-
sion, and circulation during the experiments (Gareau, 1959). The coral 
was acclimated to the experimental temperature by placing the plexiglass 
vessel in a water bath previously adjusted to the desired temperature, 
and allowing the water in the vessel to adjust to the temperature of the 
111ater bath during a one-hour period. A second identical incubation ves-
sel containing a small amount of Ca-45 approximately (250 µc) was placed 
in the water bath adjacent to the acclimation vessel and allowed to come 
to temperature equilibrium at the same time. In all experiments, con-
stant temperature was maintained within ± .5° C. 
Light was supplied during all experiments by ten 20-watt daylight 
fluorescent tubes arranged in a semi-circle directly above the water 
bath. This gave a total light intensity reading comparable to that 
found on a clear day in mid-afternoon on the reef at an average depth 
of ten feet. Light intensity was determined in each case by using a 
specially equipped ISCO Model SR spectroradiometer. 
After the one-hour acclimation period, the coral was transferred 
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to the incubation vessel containing the Ca-45. The uptake of the ra-
dioactive calcium should be proportional to the rate of calcification 
by the coral. The initial radioactivity of the sea water was determin-
ed by counting two 50 µ1 aliquots with a Packard, model 2002, Tri-Carb 
liquid scintillation spectrometer. Calculations of carbonate deposit-
ions were based on a normal calcium concentration of 400 mg per liter 
of sea water (Hill, 1963). The coral was left in the radioactive sea 
water for one hour and then immersed in distilled water to stop calci-
fication and kill the polyps (Edmondson, 1928). After 30 to 45 minutes, 
samples of approximate dimensions 0.5 x 1.5 cm were cut from each piece 
(Fig. 1) with a Dremel electric cutting tool and rinsed with four chan-
ges of distilled water, the pieces remaining approximately five minutes 
in each change. This was done to remove excessive amounts of radioact-
ive isotope from the tissue. 
Each sample was then placed in a separate test tube and the tissue 
was dissolved with two JO-minute washes in 5 ml of IN NaOH in a boiling 
water bath. The remaining skeletal material was rinsed four times with 
distilled water to remove all traces of dissolved tissue before drying 
at 105° C for I 1/2 to 2 hours. 
The skeletal samples were dissolved in 4 ml 3N HCl to which had 
been added five drops of octyl alcohol to retard violent foaming (Ga-
reau and Gareau, 1960b). The radioactivity of 200 µI aliquots of each 
dissolved sample was determined with a liquid scintillation spectrometer 
as previously mentioned. The observed activity was corrected for radio-
active decay since, in most instances, there was a period of several 
days between the time the experiment was run and the time the samples 
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were counted. 
Other workers have 'used a variety of methods to express growth in 
corals. Mayor (1924) measured coral respiration per tissue weight after 
the corallum had been dissolved in nitric acid. Kawaguti and Sakumoto 
(1948) compared calcium deposition to coral weight. In M. verrucosa, 
the corallum is extremely porous with the tissue extending throughout 
most of the skeleton. It does not just cover the surface as is found 
in several other species (Vaughan and Wells, 1943). Considering this, 
the methods mentioned above were considered unsatisfactory and a method 
of expressing calcification per unit of area in contact with the exter-
nal medium was devised. Severai measurements of the length, width and 
thickness were made for each sample and a mean value calculated for 
each. A formula was derived: (2W-T)L+rrThL (Fig. 1), to express sur-
face area, where W =width, T = thickness, and L = length. Calcium de-
position is expressed as ~g Caco3 deposited per mm2 of tissue covering 
the sample surface and exposed to the surrounding water. 
LOCATION OF CALCIFICATION 
Montipora verrucosa is highly variable in growth form. However, 
large, flat, fan-shaped colonies can be found, usually at depths below 
20 feet in Kaneohe Bay. This form is presumably due to the photosyn-
thetic requirements of the symbiotic dinoflagellate algae (zooxanthel-
lae) that are found in the tissues of all reef-building corals (Goreau, 
1959; Goreau and Hartman, 1963). As light begins to diminish with 
depth, corals tend to grow so as to expose as much surface area as pos-
sible to what light is available; this usually results in spreading and 
flattening of the corallum. As these deeper colonies are of a much 
more uniform shape than those growing in shallower water, large flat 
colonies were used exclusively in all experiments, both to facilitate 
cutting samples and to insure a semblance of regularity in growth pat-
tern. 
Table 1. Mean calcification rates, in µg Caco3/mm 2/hr, of distal and 
proximal samples from three experiments with l 1ving coral. Distal sam-
ples are taken from the front edge of the coral and proximal samples 
taken 1 cm from the edge (Fig. 2). Experiment 6 shows averages obtain-
ed after splitting samples horizontally. Numbers in parenthesis indi-
cate number of samples used in each experiment. 
Experiment Distal Standard Proxima 1 Standard 
No. Samples Error Samples Error 
2 .307 + .035 ( 16) .049 + .005 ( 16) 
3 .374 + .053 ( 12) .068 ± .019 ( 1 2) 
6 1. 003 + .135 (24) . 231 ± .024 (24) - . 197 .036 (24r·, + 














Figure 1. Diagramic representation of a typical coral sample 
showing measurements used to determine surface area. 
r-1 
1 I 










Figure 2. Outline of the upper surface of a branch of M. verrucosa 
showing sampling areas. "A" indicates samples taken from 
the outer (distal) growing edge; "B" shows samples taken 
1 cm from the outer edge and referred to as proximal in 
the text; 11 C11 indicates samp 1 es cut 2 cm from the outer 
edge as explained in Experiment 6. 
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A series of experiments showed that a definite difference in cal-
cification rate exists between different areas of the colony. As might 
be expected, primary areas of calcification were found to be located on 
the outer growing edge (Fig. 2A). Results indicated that calcification 
rates decrease dramatically from the growing edge toward the point of 
attachment of the branch (Table 1). 
A mean decrease in calcification rate of approximately 81% was re-
corded for samples taken 1 cm back from the edge when compared with 
those taken from the growing edge itself (Fig. 3). Goreau also found, 
in his work with Acropora cervicornis, that a reduction in calcifica-
tion existed away from the apical point of the branch (Gareau, 1959). 
Although the mean calcification rates in Experiment 6 are higher than 
those of Experiments 2 and 3, the ratio between proximal and distal 
samples are approximately the same. The observed data did not indicate 
any reason why the rates are higher in Experiment 6; however, a poss.i-
ble explanation is that the samples were sectioned horizontally. In 
doing this, the thickness of the cutting blade destroyed most of the 
tissue and skeleton between the upper and lower surfaces of the samp-
les. Consequently, only the width and length of the samples were con-
sidered in surface area measurements. Surface irregularities and small 
variations in sample thickness were not taken into account and thus 
could produce greater-than-normal rates. Another possibility is that 
calcification rates increased as a result of placing the coral on edge 
and allowing full light intensity to both surfaces. 
Statistical analysis of Experiments 2 and 6, with an analysis of 
variance, revealed that the difference between proximal and distal sam-
9 
ples is highly significant (P( .0005) for both experiments. --This is al-
so shown in the data of Table 1. Experiment 3 was not analyzed in this 
manner as the results were used primarily in the determination of inor-
ganic exchange; however, the recorded data (Table 1) indicates the same 
type of results as seen in the other two experiments. 
Relative calcification rates between the upper and lower surfaces 
of the corallum were determined (Experiment 6). Several pieces of co-
ral were placed on edge in the incubation vessel with the growing edge 
facing upward. This favored uniform conditions of light and circula-
tion to both surfaces of the coral during the experiment. After incub: 
ation, samples were cut from the skeleton and then sectioned horizon-
tally to separate the upper and lower surfaces. Results showed that 
the surface uppermost in the normal position of growth calcifies much 
faster than the lower surface (Table 2). This may be due to a much 
higher concentration of zooxanthellae in the upper surface tissues 
which are usually exposed to more intense 1 ight (Muscatine and Hand, 
1958). 
Table 2. Mean calcification rates of upper and lower surfaces of the 
corallum from Experiment 6. Values are expressed as µg Caco3/mm2/hr. 
Numbers in parenthesis indicate number of samples used in each experi-
ment. 
Avg. Distance 
in Cm from Upper Standard Lower Standard 
Growing Edge Surf ace Error Surf ace Error 
0.25 1 . 16-7 + . I I 8 (12) .839 + . 101 ( 12) - -
1. 25 .283 + .025 ( 12) . 179 + .022 ( 12) 
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AVG~ DISTANCE FROM EDGE IN CM 
Figure 3. Rate of calcification as related to distance from growing 
edge in 1 iving coral. Each point represents the mean of 
24 observations. Distribution limits represent one stan-
dard error from the mean. 
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Statistical analysis verifies the observation (Table 2) that the 
upper surface of the coral is the primary area of calcification. A 
highly significant (P< .0005) value was recorded for the difference in 
relationship between the upper and lower surfaces of the skeleton. 
INORGANIC EXCHANGE OF CALCIUM 
Goreau and Gareau (1960b) found that living tissue acts as a bar-
rier to prevent ino~gani~ exchange of calcium between the skeleton and 
the environment. However, their experiments and observations were car-
ried on over a period of several days to weeks using incubation periods 
of 48 hours. To determine whether any significant inorganic exchange 
of calcium occurred during the short incubation periods employed here, 
a set of experiments was carried out using radioactive calcium as a 
means of quantifying this exchange. 
The first exchange experiment was concerned with inorganic exchange 
in dead coral. Live coral was incubated in radioactive sea water for 
one hour, then it was killed with cold sea water (Edmondson, 1928) and 
samples were cut from both proximal and distal areas (Fig. 2). The sam-
ples were placed in individual test tubes containing non-radioactive 
sea water, then the test tubes were returned to the water bath which 
was kept at the experimental temperature of 27° C. This temperature 
was chosen as it represented the approximate mean maximum temperature 
for the area of Kaneohe Bay from which the samples were taken (Bathen, 
1968). Aliquots of the water covering each sample were taken every two 
hours during the experimental period to check the rate at which the co-
ral was exchanging radioactive calcium into the surrounding water (Fig. 
4). At the end of six hours, the tissue was removed from the samples 
with NaOH as stated previously and the radioactive calcium remaining in 
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Figure 4. Graph representing calcium exchange with the environment 
in coral killed with cold sea water. Tissue was still 
covering the coral ·skeleton. Each point represents the 
mean of 24 observations. Distribution 11mits represent 




The second experiment dealt with exchange in living coral. After 
acclimation and incubation in radioactive sea water for one hour, the 
coral was rinsed with normal sea water at room temperature and returned 
to the 27° C water bath in fresh, non-radioactive sea water. Samples 
were cut from the colony at 0.0, 0.5, 1.0, and 6.0 hours following in-
cubation and the radioactivity of the samples was measured for each 
time period. This experiment allowed a comparison of exchange rate to 
be made between samples cut off immediately after the incubation period 
had ended and those that had been allowed to exchange for up to six 
hours (Table 3). 
Table 3. Mean exchange values represented as µg CaC03/mm2 for three 
experiments. Experiment 1 shows values for skeleton from dead coral 
exchanging into the environment. Experiments 2 and 3 are results ob-
tained from skeletal samples of living coral that were killed at the 
designated time intervals. Numbers in parenthesis indicate number of 
samples used. 
Experiment Time 











.179 + .043 (12) 
.258 + .094 (4) 
.400 + .022 (4) 
.265 + .094 (4) 
.304 + .118 (4) 















A third experiment was also used to determine inorganic exchange 
in living coral. At the end of a one-hour incubation period in Ca-45 
enriched sea water, the coral was rinsed in non-radioactive sea water, 
placed in fresh sea water, and returned to the 27° C water bath as in 
15 
the previous experiments. However, aliquots of the water covering the 
coral were taken every half hour. This allowed radioactive calcium in 
the water surrounding the coral to be monitored during the experiment. 
Figure 5 indicates the radioactivity of these water samples. At the end 
of the six-hour period, samples were cut from the coral skeleton and the 
radioactivity counted. Table 3 shows the results. 
Experiments 1 and 3 (Table 3), with their respective water samples 
represented by Figures 4 and 5, permit comparisons between fairly simi-
lar conditions. They differ only in that Experiment 1 (Fig. 4) shows 
the release of radioactive calcium over a six-hour period from individ-
ual samples that were first killed in cold sea water (Edmondson, 1928), 
and Experiment 3 (Fig. 5) shows calcium release from living coral during 
the same period of time. The leveling off of radioactivity after three 
hours, shown in Figure 5, can probably be interpreted in several ways. 
One possibility is that the curve represents mainly radioactive 
calcium from the tissue that has not yet been incorporated into the 
skeleton. To investigate this possibiJity, the radioactivity of the 
skeletal samples determined at the end of the six-hour run from Exper-
iments 2 and 3 (Table 3) were compared with the radioactivity of the 
samples taken earlier from Experiment 2 (Table 3). As can be seen, the 
rates are similar throughout. If there had been any significant loss 
by equilibrium exchange with the environment, the radioactivity of the 
samples taken at six hours would have appeared lower than that of the 
samples taken at the start,of the time period (0.0 hrs) in Experiment 2. 
Statistical analysis of variance for Experiment 2 gave a probability 
value of P> .95 for the exchange difference with time. This means that 
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HOURS 
Figure 5. Graph representing calcium exchange with the environment 
in Jiving coral. Each point is the mean of two observations. 
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the experiment did not show any significant difference in the residual 
radioactive calcium in the samples taken at the start of the experiment 
and those taken at the end of the experiment. Therefore, since all of 
these values are approximately equal, this indicates a very m.inimum a-
mount of calcium equilibrium exchange between coral with living tissue 
and the environment. 
Goreau and Goreau (1960b) found that equilibrium exchange in dead 
coral continued over a period of several weeks. As Figure 4 indicates, 
calcium release did not level off in Experiment 1 (dead coral) as it 
did in Experiment 3 (live coral). This is shown not only in Figures 4 
and 5 but also in the exchange values for the two experiments; the ex-
change value for Experiment l is much higher (i.e., less remaining ra-
dioactivity after six hours) than that for Experiment 3 (Table 3). 
These observations indicate that the exchange seen in Experiment l has 
not been arrested as in Experiment 3 and is probably what was observed 
by the Goreaus for dead coral. 
With the methods employed in this study, a very accurate appraisal 
of the influence of inorganic equilibrium exchange in living coral 
could not be made. Small fluctuations in inorganic radioactive calcium 
uptake or release were masked by the larger over-all effects of calcifi-
cation. However, the fact that inorganic equilibrium exchange is of mi-
nor importance in total calcification in living coral is evident from 
the results shown here. 
The significance of calcium exchange can readily be seen in dead 
coral. Experiments 4 and 5 (Table 4) show the results obtained from 
two comparable experiments using dead coral. These results were calcu-
18 
lated in units of Caco3 deposited per milligram of sample weight rather 
than per unit of surface area exposed to the environment as in the other 
exchange experiments. They were expressed in these units because, as 
stated previously, the corallum of M. vePrucosa is extremely porous and 
there was no effective way to measure the internal surface area of the 
samples that were devoid of tissue and completely exposed to the water; 
hence, weight was used as a relative estimate of surface area. 
Table 4. Mean inorganic calcium exchange values represented as µg 
CaC03/mg in dead coral with and without tissue. Numbers in parenthe-

















.032 ± .011 (3) 
.035 ± .011 (3) 
.076 + .009 (3) 
.062 ± .016 (3) 
• 0 l 2 ± . 00 1 { 3 } 
.031 t .002 (3) 
.026 + .001 (3) 
.034 + .003 (3) 
Without Standard 
Tissue Error 
.040 + .003 (6) 
.061 ± .004 (6) 
.071 + .007 (6) 
.074 ± .006 (6) 
.044 ± .012 (6) 
.072 ± .019 (6) 
.064 + .009 (6) 
. 101 + .015 (6) 
These two experiments were conducted almost identically. The co-
ral was killed before acclimation was started and coral samples were 
cut at half hour intervals during a two-hour incubation period. How-
ever, the coral used in Experiment 4 was covered with tissue while that 
used in Experiment 5 was completely devoid of tissue. The tissue was 
removed by macerating the coral overnight in fresh water, then soaking 
19 
it in a dilute solution of 5% NaOCI for a few hours. The NaOCl was re-
moved by immersing the coral overnight in distilled water. The coral 
was allowed to soak for 1 1/2 hours in fresh sea water before the ex-
periment was started to normalize environmental conditions as nearly as 
possible. Comparative rates of inorganic exchange were obtained for 
these two experiments. Table 4 gives a summary of the observed data. 
Analysis of variance of the data for Experiment 4 gave a highly 
significant value (P < .0005) for the difference between proximal and 
distal samples, and also a highly significant value (P < .01) for the 
calcium exchange increase with time. For Experiment 5 there was a 
highly significant value (P< .0005) shown for the increase in calcium 
exchange with time in all the samples, but no significant (P) .SO) dif-
ference between proximal and distal samples. 
The experimental data (Table 4) also shows that the distal samples 
with tissue probably had a higher rate of inorganic exchange than the 
proximal samples. This means that although inorganic exchange undoubt-
edly proceeded at a constant rate in both distal and proximal samples, 
the distal samples had a higher exchange to weight ratio than the prox-
imal samples because of being more porous and thus presenting a greater 
surface for exchange. As this phenomenon was not observed in the coral 
with no tissue, it suggests an inhibitory action by the tissue for rapid 
equilibrium exchange between the aragonite skeleton and the environment. 
Gareau and Gareau (1960b) found that dead tissue did not signifi-
cantly inhibit calcium exchange over a period of 48 hours. They based 
their findings on the fact that after the experimental period was over 
the bare coral skeleton and the coral with the dead tissue had essent-
20 
ia11y the same total radioactivity. This does not seem to be the case 
for the species and/or the shorter time periods used in this study. 
As mentioned previously, some of the coral had been killed before 
or during an experiment. This was accomplished by placing the coral in 
cold {5° C) sea water for one hour {Edmondson, 1928). However, as s.ome 
marine organisms thrive in water even colder than 50 C, the possibility 
that enzyme activity had not been destroyed by this treatment was consi-
dered. An experiment was run to compare inorganic exchange in coral 
that had been killed in cold sea water with coral that had been killed 
in hot sea watet at 65° C for thirty minutes. Following the killing 
treatment, the coral was placed in radioactive sea water for one hour 
under standard conditions. Results of this experiment are tabulated in 
Table 5. Statistical analysis using an analysis of variance test indi-
cates that there is no significant difference between the two sets of 
data. 
Table 5. Mean inorganic exchange values represented as pg CaC03/mm2/hr 
in coral killed with cold and hot {65° C) water. Numbers in parenthe-
sis indicate number of samples used. 
Hot Water Cold Water 
Inorganic Inorganic 
Exchange Standard Exchange Standard 
Rate Error Rate Error 
.066 + .007 (4) .045 + .004 (4) - -
.059 + - .002 (4) .072 + .026 (4) 
The possibility of inorganic exchange being a major factor in re-
ducing the sensitivity of the methods used seems remote. As already 
mentioned, inorganic exchange in living coral could not be quantified 
2J 
using the methods employed here, but the maximum rate of inorganic ex-
change in dead coral is only about 14% of the maximum calcification 
values for 1 iving coral at 30° C (Table 6). 
RELATION OF CALCIFICATION TO TEMPERATURE 
It is well known that synthetic activities of organisms are prim-
arily catalyzed by enzymes and that enzyme activity can be altered with 
temperature. Although reaction rates in biological systems do not fol-
low inorganic thermochemical patterns, enzyme activity does increase 
with an increase in temperature up to an optimum point. Bathen (1968) 
indicates seasonal surface water fluctuations in Kaneohe Bay to be be-
tween about 22.3° C and 27.5° C near the patch reef from which the spe-
cimens for this study were collected. This being the case, coupled .with 
. the fact that corals are poikilotherms, differences in calcification 
rate at different temperatures would be expected throughout the year. 
Also, Edmondson (1929) and others have found that corals do not grow at 
the same rate over a long period; rapid growth alternates with periods 
of inactivity. Growth rate variation from this study corroborates these 
findings. Variations in results from branch to branch and to some ex-
tent within individual branches were observed in every experiment, al-
though conditions except for temperature were identically maintained. 
The coral was incubated for one hour in 750 ml of sea water to 
which approximately 250 µc of Ca-45 had been added. 
A series of thirteen experiments were made at temperatures ranging 
between 170 C and 34° C. The temperature sequence was randomized to 
eliminate any correlation of the results with environmental fluctuations 
and changes in experimental technique. A pattern of increasing calcifi-
cation rate with a corresponding increase in temperature was noted up 
to 30° C with a subsequent decrease (Table 6). On this basis, it is 
22 
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concluded that the optimum temperature for calcification in M. verrucosa 
is around 30° C (Fig. 6). 
Table 6. Mean calcification rates in ~g CaC03/mm2/hr for thirteen tem-
perature experiments. Numbers in parenthesis indicate number of samp-
les used. 
Ca 1 c if i cation Standard 
Temperature Rates Error 
17 .095 ± .008 ( 12) 
20 . 178 ± .029 ( 12) 
23 .248 ± .020 ( 12) 
24 .231 ± .024 ( 12) 
25 .296 + .015 ( 12) 
26 .326 ± .021 ( 12) 
27 . 377 + .022 ( 12) 
28 .300 ± .025 ( 12) 
29 .417 + .052 ( 12) 
30 .497 + .065 ( l 2) -31 .339 + .032 ( 12) 
32 .354 + .061 ( 12) 
34 .099 + .015 ( 12) 
Although corals generally grow under fairly uniform conditions 
of temperature, light, and circulation, there are large differences 
in growth rates among species (Goreau, 1959; Edmondson, 1928) as well 
as within species, as in this study and that of Tamura and Hada (1932). 
Variations in the amount of calcium deposited occurred even though en-
vironmental factors were strictly controlled during all experiments. 
However, Goreau (1960a) indicates that from the symmetrical appearance 
of growing coral, variances in growth will 11average out 11 over a period 
of time. If this is indeed the case, as it seems to be, then a growth 
temperature curve based on the averages of several observations would 
probably be a fairly accurate indication of over-all colony growth. 





















Figure 6. Temperature-growth response curve of M. verl"Uaosa. Each point represents 
the mean of 12 observations for each temperature. Distribution limits at 
each temperature represent one standard error from the mean. 
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water over the reefs in Hawaii have no effect on the growth rate of 
Hawaiian corals. Some coral colonies seemed to grow faster in cooler 
months and others in warmer months. This seems 'to be in direct con-
flict with the results obtained in this study. A definite growth-rate 
increase was observed with increasing water temperature in the temper-
ature range recorded by Bathen (1968) for Kaneohe Bay. 
Analysis of the temperature determination data with a nested an-
alysis of variance gave values indicating the temperature differences 
in Figure 4 to be real values and not due to sampling error. Thus for 
M. ver:r>uaosa an optimum temperature for maximum growth is close to 30° 
C. Using the average calcification rate at this temperature, M. ver:r>u-
aosa would grow at the rate of .002mm/hr or .024mm/12 hr day, giving 
8.76mm/yr at optimum conditions of temperature. 
From Bathen 1 s (1968) data on sea water temperatures of Kaneohe Bay, 
it seems unlikely that optimum growth temperatures for M. verrucosa oc-
cur there during a normal year. Although M. verrucosa is very common 
on Hawaiian reefs, a more luxuriant growth of this particular species 
might be expected in areas with a higher mean annual temperature. 
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ABSTRACT 
A method for quantitatively comparing calcification rates in 
coral was used to find an optimum growth temperature for Montipora 
verrueosa. This method is based on the uptake of the radioactive 
isotope ca45. By supplying the water the corals are growing i·n 
with a known amount of radioactivity and comparing this with the 
activity of the coral samples, a rate of ca45co3 incorporation can 
be determined per unit of time. 
Various tests show that inorganic exchange does not appear to 
be a significant factor in interpretation of the results obtained. 
The edge of a colony calcifies faster than other parts, and the up-
per surface calcifies faster than the lower. Tests run at various 
temperatures between 17° C and 34o C indicate that the optimum temp-
erature for calcification is around 30° C. 
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